Introduction
Peroxisome proliferator-activated receptors (PPARs) are members of the type II nuclear hormone receptor superfamily. They were first discovered in 1990 by Issemann and Green. 1 There are three subtypes of PPARs -PPAR α, β, and γ. Among them, the PPARγ is activated by certain fatty acids, prostanoids, and the insulin-sensitizing 
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Bener et al antidiabetic agent, the thiazolidinedione. 2 Upon activation, PPARγ heterodimerizes with the retinoid X receptor and binds to the PPAR responsive element of DNA to promote the transcription of target genes. 3 The human PPARγ gene is located on chromosome 3p25 and produces three different isoforms -PPARγ1, PPARγ2, and PPARγ3 -as a result of alternative mRNA splicing. 4 The PPARγ2 isoform is mainly found in adipose tissue, and it plays a key role in regulating adipogenic differentiation and glucose homeostasis. [5] [6] The number of genetic variants in the PPARγ gene has been identified. The most common is the cytosine to guanine (CCA-to-GCA) missense mutation in codon 12 of exon B of the PPARγ gene, resulting in the change of the amino acid proline to alanine (Pro12Ala). The exon B is responsible for encoding the NH 2 -terminal amino acids that define the adipocyte-specific PPARγ2 isoform. Since the substitution of alanine for proline is nonconservative and causes a significant change in protein structure, it has been suggested that it may alter the function of PPARγ2, thereby leading to a Pro12Ala variant with a lower affinity for the response element and a lower capacity for activating target genes by about 50%. 7 Furthermore, individuals with the variant may be at an increased genetic risk for obesity, insulin resistance, diabetes mellitus, and hypertension. [8] [9] [10] [11] A number of studies have been conducted in different populations to elucidate the association of the Ala12 variant with obesity [11] [12] [13] [14] and hypertension. [15] [16] [17] Nonetheless, results of these studies are not consistent, which could be partly attributed to the insufficient power of the studies, and/or ethnic and environmental variations, suggesting a gene-environment interaction. Furthermore, the practice of consanguineous marriages is very high in Qatar (54%), 18, 19 resulting in a profound impact on the genetic structure of the Qatari population 20 and suggesting that risk factors identified through the European genome-wide association studies might not be valid in this population. Also, Qatar has observed rapid urbanization and lifestyle changes during the last decade, resulting in a dramatic increase in the prevalence of hypertension and obesity. [21] [22] To achieve a definite conclusion about the association of the Pro12Ala polymorphism with obesity and hypertension in Qatar, the present study has recruited a large random sample of the highly consanguineous aboriginal Qatari population.
Materials and methods
A cross-sectional study was performed among the adult Qatari population over 20 years of age during the January 2011-December 2012 time period. The study protocol was approved by the Research Ethics Committee of the Hamad General Hospital, Hamad Medical Corporation. Written informed consent was obtained from all the participants before data collection. Participants were briefed about the study, and strict confidentiality of data was ensured.
Sampling procedure
A multistage, stratified cluster sampling experiment was designed, using the geographic administrative divisions of the primary health centers in Qatar that had approximately an equal population coverage. To secure a representative sample of the study population, sampling was stratified to obtain a proportional representation from both urban and semiurban areas. The sample size was determined by considering 25% 21 prevalence of hypertension among the general population in Qatar -assuming a 99% confidence level, 95% power, and considering 4% bound on error of estimation -the minimum sample size required to achieve the objective of this study was 2,182 subjects. Of the 22 primary health care centers available, 13 were selected at random (ten from urban and three semiurban). Finally, the subjects were systematically labeled 1-in-2, using standard sampling procedures. During the study period, 2,182 subjects were approached and 1,528 (70%) consented to participate in the study.
Questionnaire and data collection
A well-designed and pilot-tested questionnaire was used to collect the data. The questionnaire was pilot-tested among 100 subjects before the initiation of the main survey. Necessary corrections and alterations were made, based on the pilot results. The first part of the questionnaire included information about sociodemographic and anthropometric characteristics, including age, sex, marital status, education level, occupation, height, weight, and parental consanguinity. The second part consisted of variables about comorbidities and lifestyle habits, such as smoking status and physical activity. The third part of the questionnaire was based on systolic and diastolic blood pressures, blood lipid profile, blood glucose, glycosylated hemoglobin (HbA1C), and Pro12Ala polymorphism.
Face-to-face interviews were conducted by trained nurses to obtain information regarding sociodemographic characteristics, consanguinity, and history of comorbidities, physical activity, and smoking habit.
Information regarding consanguinity was obtained by asking the question: "are your parents related to each other?" If the answer was "Yes," then further questions were asked; are the parents "first cousins" or "second 
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PPARγ2 polymorphism, obesity, and hypertension in Qatar cousins"? If the parents of the participant were either first or second cousins to each other, they were defined as "consanguineous."
Smoking status was categorized as "never smoker," "past smoker," and "current smoker." Information on physical activity was obtained subjectively by asking questions regarding any activity that caused light perspiration or a slight-to-moderate increase in breathing or heart rate for at least 60 minutes a week (vigorous physical activity), 30 minutes a week (moderate physical activity), and less than 30 minutes a week (mild physical activity).
Information 
Physical examination and measurements
Physical examination and measurements were performed by a trained nurse. Height was measured in centimeters using a height scale (Seca GmbH and Co, KG, Hamburg, Germany) while the subject was standing barefooted and with normal, straight posture. Male subjects were requested to remove their head cover (Igaal and Guttra) as their weight was measured in kilograms with a weight scale (Seca). The subjects were asked to remove any objects from their pockets and to stand on the weight scale barefooted with light clothing. Body mass index (BMI) was calculated as the ratio of weight (kilograms) to the square of height (meters). 23 Obesity and overweight were classified according to World Health Organization criteria. 24 A person was considered obese if his/her BMI value was $30 kg/m 2 and was considered overweight if the BMI $25 kg/m 2 and ,30 kg/m 2 . Blood pressure measurements were also carried out by trained nurses. Two readings of the systolic and diastolic blood pressure were taken from the subject's left arm while seated with his/her arm at heart level, using a standard zero mercury sphygmomanometer after at least 10-15 minutes of rest. The average of the two readings was obtained for analysis. Hypertension was defined according to the seventh report of the US National Heart, Lung, and Blood Institute Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. 25 The participant was considered hypertensive if the systolic blood pressure was $140 mmHg and/or the diastolic blood pressure was $90 mmHg, or he/she was already taking medication for essential hypertension.
Laboratory measurement and procedures
Blood samples were collected via venipuncture into vacutainer ethylenediaminetetraacetic acid tubes and used for manual DNA purification using QiaAmp mini DNA kits (QIAGEN, Venlo, Netherlands). Random glucose values were determined using the OneTouch ® SureStep Kit (LifeScan, Inc., Milpitas, CA, USA). HbA 1c was analyzed using highperformance liquid chromatography.
The single nucleotide polymorphism detection protocol was based on a procedure in earlier studies by Ghoussaini et al 11 and Badii et al. 14 It consisted of an amplification step by polymerase chain reaction (PCR) followed by the mutation analysis of the PCR product via real-time PCR. The PCR primer set consisted of: PGEx1F 5′-AAT AGG ACA GTG CCA GCC-3′ and PGEx1R 5′-TAC ATA AAT GCC CCC ACG-3′. The reaction was performed in a final volume of 25 µL and contained: 1 × GeneAmp ® PCR Gold Buffer (Life Technologies, Grand Island, NY, USA); 2.5 mM MgCl 2 , 1% DMSO, 0.25 mM each dNTP, two primers (PGEx1F: 4.3 nM and PGEx1R 3.58 nM), 0.75U AmpliTaq Gold ® DNA polymerase (Life Technologies), and 100-500 ng template DNA. The PCR consisted of an initial denaturation at 95°C for 12 minutes, followed by 35 cycles of denaturation at 95°C for 30 seconds, annealing at 58°C for 30 seconds, and elongation at 72°C for 30 seconds.
The Pro12Ala in the PPARγ2 gene was detected on the LightCycler ® (Roche Applied Science, Penzberg, Upper Bavaria, Germany) using two specific probes: (Sensor [G] 5′-CTC CTA TTG ACG CAG AAA GCG-FL and PPAR Anchor 5′ LC Red 640-TCC TTC ACT GAT ACA CTG TCT GCA AAC ATA TC-PH). The melting temperature profiles were interpreted as follows: wild type (CC), 54°C; mutant (GG), 60°C; and heterozygous (CG), 54°C and 60°C.
Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences version 20 (IBM Corporation, Armonk, NY, USA) software. Continuous variables were tested for normality using histograms and the Kolmogorov-Smirnov test. The Student t-test was used to ascertain the significant difference between two means of a continuous variable. A chi-square test (twotailed) was performed to test for differences in the proportions of categorical variables between two or more groups. The
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Bener et al significance-of-deviations of observed genotypic frequencies from those predicted by the Hardy-Weinberg equation were evaluated with chi-square tests between the hypertensive and normotensive groups and between the obese and nonobese groups. A multivariable logistic regressions analysis was used to determine the association of Pro12Ala with hypertension and obesity while adjusting for the potential confounders (age, sex, smoking status, physical activity, consanguinity, and the use of antihypertensive medication). Interaction between the consanguinity and the Pro12Ala polymorphism was assessed by including the interaction term in multivariable logistic regression models for obesity and hypertension; P-value was noted for significance. The level P#0.05 was considered as the cut-off value for significance.
Results
Of a total 1,528 participants, 220 were diagnosed with essential hypertension and 420 were obese with a BMI $30. The 45-60 age group was significantly higher among the hypertensive group when compared to the normotensive. On the contrary, the proportion of participants aged 30-45 years was significantly higher in the normotensive group when compared to the counterpart (55.5% versus 45.8% and 13.2% versus 23.6%, respectively; P=0.004). Participants aged ,30 years and .60 years had similar distribution across the hypertensive and normotensive groups. Participants with consanguinity were significantly higher among hypertensive as compared to normotensive (41.9% versus 30.8%; P=0.001). Almost one-third of the hypertensive participants were obese with a BMI of $30, as opposed to only one-fourth of the obese participants in the normotensive group (35.5% versus 26.1%; P=0.014). Only 18.6% of the hypertensive participants were involved in a moderate level of physical activity as compared to 30% in the normotensive group (P,0.001). Almost 15% of the hypertensive participants were current smokers, as opposed to 9% among the normotensive (P=0.018) ( Table 1) . Table 2 shows the distribution of blood pressure measurements, the blood lipid profile, and the blood glucose level between hypertensive and normotensive participants. The mean glucose level and the HbA 1c were significantly higher in the hypertensive group as compared to normotensives (7.66 ± 2.4 versus 5.8 ± 2.6; P,0.001 and 7.09 ± 2.1 versus 5.43 ± 2.2; P,0.001, respectively). There were no statistically significant differences in terms of blood lipid parameters between the hypertensive and the normotensive group except total cholesterol, which was significantly higher in the hypertensive than the counterpart group (5.46 ± 1.0 versus 4.92 ± 1.0; P=0.003). Almost 39% of the hypertensive group participants were diabetics; 12.7% had a previous stroke; 15.5%, cardiovascular disease (CVD); 19.1%, retinopathy; 15.9%, nephropathy; and 14.1%, neuropathy. The difference was statistically significant (P,0.001, respectively), when compared to the normotensive population. Table 3 shows the distribution of the PPARγ2 gene polymorphism across the hypertensive and normotensive categories. Altogether, more than three-fourths (89%) of the participants had the wild genotype (Pro12Pro), and 9.8% were heterozygous with Pro12Ala. Only 1.2% was homozygous with the Ala12Ala genotype. The Pro12Pro genotype occurrence was significantly higher in the normotensive group as opposed to the hypertensive (89.8% versus 84%; P=0.003, respectively). On the other hand, the proportion of the genotypes Pro12Ala and Ala12Ala was significantly higher in the hypertensive group as compared to the normotensive (12.7% versus 9.3% and 3.2% versus 0.8%, respectively).
The distribution of the PPARγ2 gene polymorphism across the obese and nonobese participants revealed no significant differences across all the three genotypes (P=0.787). On the contrary, the distribution of both the genotypes' and the alleles' frequencies between hypertensive and normotensive was statistically significant. The frequency of the Pro allele was 0.945 in the normotensive group versus 0.905 in the hypertensive group. While the distribution of Ala allele was 0.055 in the normotensive group versus 0.095 in the hypertensive (P=0.001; odds ratio =1.81; 95% confidence interval [CI] 1.24-2.63 for Ala allele as compared to Pro) ( Table 4) . Table 5 presents predictors of hypertension, based on a multivariable logistic regression analysis. The odds of hypertension were 1.7 times higher among the participants with an Ala allele, as opposed to those with the wild type Pro allele when adjusted for other potential confounding factors, such as age, obesity, triglycerides, consanguinity, smoking, physical activity, and antihypertensive medication (adjusted odds ratio 1.69; 95% CI 1.12-2.55; P=0.012). Table 6 shows a multivariable logistic regression analysis for obesity. The odds of obesity among the participants with the Ala allele were 0.94, as opposed to those with the Pro allele when adjusted for potential confounders, but the association was not statistically significant (adjusted odds ratio 0.94; 95% CI 0.65-1.
35; P=0.740).
Interaction between consanguinity and the Ala12 variant and its association with obesity and hypertension was found to be statistically insignificant and, hence, the interaction 
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Discussion
We determined the frequency of the proline-to-alanine substitution of the human PPARγ2 gene and investigated its association with hypertension and obesity in Qatar's highly consanguineous population. In this study, the frequency of the Ala12 allele was 0.061. While the frequency of Ala12 allele remained similar among both obese and nonobese subjects (0.061), it was significantly higher among hypertensive than in the normotensive population (0.095 versus 0.055). This study found a significant association between the Ala12 variant of the PPARγ2 gene and hypertension among the highly consanguineous Qatari population. However, no association was detected between the Ala12 variant and obesity.
The allelic frequency of the Pro12Ala polymorphism varies among different ethnic communities. The frequency of the Ala12 allele is generally higher among Caucasians (0.11-0.13) 11, 26 than the other ethnicities: Qatari's aboriginal population, 0.057; 14 Korean, 0.058; 16 Japanese, 0.041; 27 Taiwanese, 0.04; 28 Chinese, 0.036; 29 and Javanese Indonesian, 0.017. 12 Our finding of the Ala12 allelic frequency (0.061) is slightly higher than the East Asian ethnicities and much lower than the Caucasian populations. Nevertheless, our finding is consistent with the previous report about the aboriginal Qatari population.
14 Literature regarding the Ala12 allelic frequency among the hypertensive and normo- 
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Bener et al tensive and/or obese and nonobese population separately is scarce. However, a study among Korean women 16 reported a similar frequency of the Ala12 allele between the obese and nonobese subjects and was higher among the hypertensive than the normotensive subjects, which is consistent with our findings. Variations in the allelic frequency of the Pro12Ala polymorphism across different ethnicities and regions could be attributed to genetic variations and to different environmental and lifestyle exposures, which resulted in some possible gene-gene and gene-environment interactions. 13 However, this phenomenon needs to be further explored to find the exact mechanism behind the wide variations in the frequency of the Ala12 variant between the Caucasian and the Asian populations.
We found that the PPARγ2 Pro12Ala polymorphism was an independent risk factor of hypertension among Qatari's aboriginal population. Findings from our multivariable logistic regression model (adjusted for potential known confounders) revealed that the odds of hypertension were 1.69 times higher among the Ala12, as compared to the Pro12 allelic carriers. Literature regarding the association between the Pro12Ala polymorphism and hypertension is inconclusive. A study among Chinese subjects with and without myocardial infarction could not find any association, 29 while, on the other hand, a study among Chinese nonagenarians/centenarians found that the Ala12 variant was associated with lower blood pressure as compared to the counterparts. 15 Another study among the Swedish type II diabetic population also reported an association of the Ala12 variant with lower diastolic blood pressure among diabetic men and no association with type II diabetic women. 
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On the contrary, studies among Korean women, 16 the Caucasian population from the USA, 30 and the obese diabetic type II patients from Poland 31 found a significant association between the Ala12 variant and hypertension, which is consistent to our results. A number of limitations should be kept in mind regarding the controversial studies, such as the recruitment of the high-risk population (diabetic, myocardial infarction, and very aged [centenarians]), apparently smaller sample sizes and nonadjustment for potential confounders especially antihypertensive medications that might affect the validity of their findings. In contrast, our finding is more robust and valid, due to the sufficiently large sample size from the general population and an adjustment for potential confounders through regression analysis.
Although the exact mechanism behind the association between the Pro12Ala polymorphism and hypertension among the human population is still unknown; evidence from some preliminary studies suggested that the substitution of alanine for proline in the PPARγ gene results in a lower affinity of PPARγ2 for binding to the PPAR response elements in its target genes. 7 Hence, reduced PPARγ2 function might be responsible for higher blood pressure. As studies have shown, PPARγ2 inhibits the proliferation of vascular smooth muscle cells. 32, 33 Therefore, it is plausible that the lower function of the PPARγ2 gene among the Ala12 variant will decrease/stop the inhibition of the proliferation of vascular smooth muscle cells by suppressing the expression of the matrix metallopeptidase 9 and the type 1 angiotensin II receptor, thereby resulting in higher blood pressure than the counterparts.
Our results did not reveal an association between the Pro12Ala polymorphism and obesity in Qatar's aboriginal population. The association remained nonsignificant even after an adjustment for age, sex, smoking, physical activity, and consanguinity, suggesting that the Ala12 variant is not an independent risk factor for obesity in this population. Our finding is consistent with the previous report from Qatar 14 and several other countries, such as Korea, 16 People's Republic of China, 29 and France. 11 However, a study among native Javanese in Indonesia 12 and a meta-analysis using 30 independent studies 34 reported obesity associated with the Ala allele. Differences in results could be attributed to different criterion (eg, BMI) to define obesity, variations in the distribution of the Ala allele, environmental and dietary factors, and a genetic background across different ethnicities. Literature also revealed gene-nutrient interaction via the PPARγ locus, suggesting a greater BMI in Ala carriers when the dietary polyunsaturated fat-to-saturated fat ratio 
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Bener et al was low, and vice versa. 35 Thus, the relationship between obesity and the Ala12 variant is modulated by multiple factors. Hence, it is plausible to obtain mixed results from different populations.
To elucidate the impact of consanguinity on Pro12Ala polymorphism and its association with hypertension and obesity, we included an interaction term between consanguinity and the Ala12 variant in our multivariable regression models. Although consanguinity was an independent risk factor for hypertension in the model, its interaction with an Ala12 variant was statistically insignificant in both models. This finding suggests that consanguinity did not potentiate or decrease the risk of hypertension and/or obesity among the Ala allele carriers. Literature is not available regarding the association of Pro12Ala polymorphism with obesity and hypertension among a consanguineous population. Therefore, we are the first to report no interaction between consanguinity and the Ala12 variant in terms of hypertension and obesity.
Conclusion
Our study revealed a significant association between the PPARγ2Ala allele and hypertension in the highly consanguineous aboriginal Qatari population. On the other hand, we found no association between the Ala allele and obesity. 
